ABSTRACT. Introduction: In the past decade, the Polish airport market has seen an unprecedented increase in passenger numbers. Regional airports in the second half of the XX century functioned as monopolies in a market heavily typified by Chicago style bilateral contracts. Consequently, a "hub-and-spoke" system has been in operation, where the regional airports perform the role of first port of call for passengers flying into a hub. Open skies policy, as well as the emergence of low cost airlines in 2004 upgraded the status of regional airports to that of regular commercial ones. Many of these had the opportunity to report a profit for the first time, as well as being able to function in a competitive environment where they could directly compete with other airports both for new carriers, in order to expand their connection network, as well as for new passengers. In this environment, a key factor to success to an increasing extent has become the airport's position in the market in comparison to similar sized airports as well as in reference to developing hubs like Berlin. Methods: Using information about network connections, the number and type of passengers at specific airports, flight times and distances to and from airports, a 2 hour isochrone analysis was carried out and 4D strategic maps were constructed. As a result of the data analysis it was possible to identify several market subgroups consisting of airports competing for the same passenger, network connection and/or geographical profile. Results: Accepting as a premise that the further development of Berlin as a hub will see the airport maintaining a similar carrier structure and list of destinations on offer, it can be classified in the same strategic group of hub airports as Prague and Warsaw. The results identified a relatively consistent group of the 6 biggest regional Polish airports as well as a group of second-tier international hubs which shared certain characteristics of regional airports. The final group to be identified in the results was that of the smallest Polish airports whose importance for the market is negligible. Conclusions: The growth of Berlin Brandenburg Airport Willy Brandt (BER) as a hub airport poses a greater threat to the influence of Warsaw's Chopin Airport (WAW) in western Poland than to the functioning of regional airports in Poland. These airports as well as developing quick intermodal connections will have to increasingly actively find their own niches in the market. A potential threat to Wroclaw (WRO) airport may in the future come from the growth of smaller German airports such as Leipzig and Dresden and/ or their Czech equivalents. In the eventuality of an abolition of restrictive visa requirements between Poland and Russia, a similar phenomenon may be observed in the future with the airports in Gdansk and Kaliningrad.
INTRODUCTION
Currently under construction, the airport previously known as BBI (Berlin Brandenburg International) and now known as Berlin Brandenburg Airport Willy Brandt, was scheduled to be opened in 2010. Due to various factors including a lawsuit by local inhabitants forced to relocate, construction faults as well as a corruption scandal, the opening date was postponed several times. Currently very optimistic estimates predict that the airport will be operational by the end of 2016, whilst pessimistic predictions suggest that it could be as late as 2018 /2019 [Eddy 2013 , was/mik/dpa 2014].
According to both press reports and Schonefeld (SXF) airport authorities, currently already around 10% of passenger traffic at Berlin airports, that's to say 2 million passengers, is made up of inhabitants of western regions of Poland. After opening the new airport, authorities will aim to significantly increasing passengers' numbers through expansive marketing, which will also include directly targeting potential travellers from Poland [mice.pl 2011 Poland [mice.pl , tur-info.pl 2012 .
In light of the information above, the question arises as to whether the airport authorities of regional airports in western Poland or even those of Warsaw airport should feel threatened by a drop in passenger numbers. If so, will these passengers be business, tourist, long or short -haul travellers? The second issue, of greater primary importance in answering the originally posed question, is to identify the strategic position of competing Polish airports in reference to each other as well as in reference to those of neighbouring countries. Research carried out to date on the competitiveness of the Polish airport market was generally limited to only analysing domestic competition within the country [Augustyniak, Olipra 2014 , Sajdak 2011 . In the research presented in this paper, the geographic areas analysed will be divided into catchment areas irrespective of national borders representing areas of potential competition between airports for potential passengers. Additionally, with the help of strategic 4D mapping it will be identified whether a given airport can be included in a corresponding strategic subgroup of airports within which it competes internally.
METHODOLOGY
Different definitions exist in academic papers as well as in business practises when trying to define the geographical catchment area of an airport. One of the most common definitions of a catchment area is the area around an airport from which the majority of its passengers and cargo come from [Jankiewicz 2012] . Sometimes this definition is expanded to also include the destination of the aforementioned passengers and cargo. [Civil Aviation Authority 2011] .
Probably the most accurate way of empirically expressing the flow of passengers to and from an airport is with the use of a standardized questionnaire. An example of this is the research carried out by Pantazis and Liefner [2005] within which over 15,000 passengers in the departure hall of Hanover airport were interviewed about, among other things, their travel destination and home location. The results revealed that for passengers travelling for the purpose of tourism e.g. by charter flight or by low cost airline, the catchment area may extend up to 300km (Hanover -Berlin) from the airport and that the price of the ticket and not the journey time is the most important factor for the passenger.
The hypotheses mentioned above are in agreement with the conclusions of a Civil Aviation Authority report in which it is assumed that business travellers have a smaller tolerance towards travel times to and from airports in comparison to passengers travelling as tourists. Business travellers are prone to sacrifice a maximum of one hour to get to and from the airport. In comparison, according to the CAA, tourist passengers are prepared to devote twice as much time for this purpose. The aforementioned approach is very commonly visually represented with the use of isochrone lines-depicting equal travel times to and from an airport. In this particular publication it was assumed that the maximum travel time to the airport was 2 hours. However, the demarcated area should be considered as being purely theoretical since the geographical area that it covers may turn out to be partially uninhabitable or conversely it may represent so many service options that it is characterised by streams of passengers arriving from completely different areas. A less precise form of graphical representation of catchment areas are zones made up of concentric circles with diameters of 100, 200 or 300km, though this method has an inherent fault in that there is no direct link with transport method and actual travel time. Despite this, this form of representing competition range is very popular among Polish airports and is published on their official websites.
There exist automated ways of combining quickly prepared maps such as isoline maps Augustyniak W., 2017, The impact of opening Berlin Brandenburg Willy Brandt Airport on the Polish aviation market. LogForum 13 (1), 51-60. http://dx.doi.org/10.17270/J.LOG.2017.1.5 53 with empirical accuracy comparable to that of questionnaires. An example of this approach is a mathematical model proposed by Lieshout [2012] . The author on the basis of a questionnaire survey, outlined 3 groups of the most influential factors for passengers when deciding on their choice of point of departure and destination. These are; price, flight frequency and how far away the airport is from the start point and the travel destination. Lieshout noticed, among other things, that the catchment area of airports was not particularly great in the case of popular tourist destinations. In this case, passengers have a bigger choice of routes, carriers, departure times, prices and standards of service. Therefore, it could turn out that for example, a person living close to airport 'A' may prefer to fly out of airport 'B' located further away due to a cheaper ticket price or due to inconvenient flight times.
Similarly, less popular destinations (in general intercontinental destinations) increase the catchment area of an airport. The airport then has, to a certain degree, a geographical monopoly on that specific destination. In other words, passengers even living relatively far away from a given airport don't have an alternative, unless they consider a flight with a stopover. Table 1 presents information about the number of possible destinations available and the number of passengers served in 2013 at Polish airports and at foreign airports located within a 2hour drive away from Poland. Only airports that in 2013 offered at least 15 permanent destinations (i.e. not seasonal offers for example offered by charter airlines) , and where the total passenger traffic was at least 1 million were selected for further analysis. These airports were highlighted in bold in Table 1 . These limiting factors were chosen in order to increase the readability of the catchment area map by eliminating possible overlaps from small airports whose limited options and destinations are not a real threat to larger airports. An example of this is the exclusion from further analysis of the IEG airport in Zielona Gora (Babimost) which offers one regular flight to Warsaw and is unlikely to be a realistic alternative for local inhabitants considering that Poznan or Berlin airports offer dozens of destinations.
ISOCHRONES ANALYSIS
On the map 1, airports fulfilling the parameters mentioned above were marked with a white icon. Next, using various colours two hour isochrone lines were marked out around each airport. Red was used to mark the potential catchment area of Polish airports, blue was used for regional airports abroad and green was used for foreign hub airports including Berlin (BER). Airports which did not satisfy the inclusion parameters were marked with grey icons. Airports such as Olsztyn- With the aim of analysing the map of strategic groups was used to ascertain whether the aforementioned geographical areas really correspond to potential competition zones. 3D maps for each airport included the following four variables for types of carrier services chosen by passengers: (LCC-low cost carriers), traditional ( FSC-full service carrier) as well as charter. The fourth variable is represented with the help of the size of the 'bubble' and represents the total number of passengers served in 2013.
On the basis of observed similarities within passenger profiles, 4 strategic groups were defined. The first group consists of 3 hub airports which serve the following capital cities: Warsaw, Prague, Berlin. The observed similarities in this case are, above all else, passenger traffic (above 10 million a year) and a high frequency of connections inherently associated with that traffic. A second trait linking these hubs is the broad range of stopovers available for long-haul flights with traditional carriers which are not available at airports serving smaller agglomerations. However, this group is not entirely uniform.
Prague differs from the other two airports in that it serves more tourists on charter flights. Berlin on the other hand serves more passengers flying with LCC. This could possibly be explained by the fact that Berlin doesn't have an airport that specialises in such flights, as is the case with WMI airport near Warsaw.
The second strategic group consists of 4 regional airports: Leipzig, Vilnius, Dresden and Kaliningrad which other than offering a broad range of charter flight services also offer a relatively broad range of FSC traffic considering their respective agglomeration sizes. Whether these airports can be considered as hubs or spokes can be answered by further graphical analysis. The third group is made up of the biggest Polish regional airports which specialise in LCC and charter flights. The last group consists of airports with very small passenger traffic (less than 1 million passengers per year) and is mainly made up of airports represented by grey icons on maps 1,2,3. Strategic groups were also marked on graph 2 but for different variables. The number of domestic, international European and intercontinental long-haul flights were laid out on 3 separate axes. The fourth variable which is represented by various sizes of "bubble" again represents the amount of passenger traffic in 2013. Again 4 strategic groups emerged though their boundaries this time were less clear. The biggest group was yet again made up of PRG, WAW and BER. They were the only airports to offer a large number of direct intercontinental flights. PRG stands out from this group as it offers no domestic connections, but when taking into consideration the size of the Czech Republic this can be seen more as a fault in the methodology rather than an anomaly.
The second group again consists of the large regional airports KGD and DRS, as well as VNO which although outwardly would appear to stand out, was included in the group, but only after ignoring the fact that it offers no domestic connections due to the small size of the country its located in. KGD and DRS can be seen as being spokes 'feeding' hubs within the hub-and-spoke system since they offer a relatively high number of traditional carrier connections which to a large degree are shorthaul flights to larger hubs. The position of LEJ is not so clear -the small number of domestic connections positions this airport closer to regional Polish airports. The third and fourth groups consist of regional Polish as well as "micro" airports.
The catchment areas from map 1 after taking into account information gained from both graphs presenting strategic groups were divided into maps of competition zones between hubs and the remaining regional airports. Map 2 represents the potential overlapping catchment areas of regional airports. The results show that the biggest competition on the family market appears in the south (the most densely populated) part of the country. In some cases we can observe specialist airports as described by Graham (2003) . Apart from the previously mentioned WMI which serves LCC and WAW which concentrates on FSC traffic for the same urban agglomeration, the same situation can be observed for KTW and KRK which are only 50km away from each other. KTW specialises to an ever increasing extent in charter flights (including intercontinental) as well as( though not visible on the graphs) cargo transport. The percentage of low cost passengers is the same in both airports and equals 70% though in nominal figures Krakow has almost double the traffic of Katowice.
Ryanair has its fleet base in Krakow, whilst Wizzair has its in Katowice. This situation has far reaching and expansive consequences since a given carrier is more connected to a place where it keeps its planes overnight. Thanks to this, the stiff competition between carriers for passengers extends to competition between airports for passengers. From this perspective, Krakow and Katowice are similar to Luton (the Wizzair base) and Stansted (the Ryanair base) which split the well established London LCC market [Graham 2003 ].
This specific phenomenon cannot be seen in other areas of potential competition e.g. WRO-POZ or WRO-DRS. However, with the rapid development of intermodal transport, this kind of phenomenon may also be observed here too in the future. The analysis of the strategic group map should confirm GDN's comfortable position as a regional monopoly. It's the only developed regional airport in northern Poland. At the same time, it is the first choice airport for the central coast area. As it turns out, the inhabitants of the North-East also have the option of using KGD and VN0 airports, though the former is not a popular choice due to the need to possess a visa for the Russian Federation which complicates and increases travel costs. These complications do not exist for potential passengers of VNO airport, which can be seen as a viable alternative to GDN and WAW.
Source: own elaboration Map. 3. Catchment areas of potentially competitive hubs Mapa. 3. Obszary wpływów potencjalnych konkurencyjnych hubów Map 3 presents the potential catchment areas of the hub airports; PRG, WAW and BER. According to the analysis of the strategic 4D maps it was confirmed that they are not in direct competition with regional airports, whose offers are generally connected to other types of carriers as well as a different passenger profile. According to map 3, PRG and BER are to a certain extent in direct competition with each other. However, it is worth remembering that a passenger who is travelling as a tourist is frequently prepared to travel up to 300km to their departure airport which often means exceeding the two hour isochrones. Under these circumstances, it would be fair to state that on the Polish market, BER is in competition mainly with the hub WAW and that this competition for customers largely takes place in the Wielkopolska voivodeship.
CONCLUSIONS
In order to analyse whether the opening of BER as an alternative to TXL and SFX will significantly threaten the position of regional airports in western Poland, an analysis of a 2h isochrones and strategic 4D maps were carried out. Assuming that the further development of BER will be based on a similar carrier structure and destination profile as currently scheduled to be on offer, then this airport can be categorised as being in the same strategic group as PRG and WAW. Only a small portion of passenger traffic will encroach on offers from regional airports such as POZ, WRO, SZZ or IEG. This naturally leads to the hypothesis that the future expansion of BER will be more of a direct threat to WAW than to smaller regional airports. These will have to increasingly look for their own niches in light of quicker intermodal connections and greater encroachment on their catchment areas. A potential threat to WRO could in the future come from the expansion of smaller German airports like LEJ or DRS or aspiring Czech airports e.g. OSR or BRQ. Additionally, with an abolition of the restrictive visa politics between Poland and the Russian Federation a similar phenomenon may also be observed in the future in regards to GDN and KGD.
